###### Strengths and limitation of this study

-   Multi-centre randomised controlled trial.

-   Rigorous design to address an important unanswered question with clinically relevant primary and secondary outcomes.

-   Strong research team with experts in thoracic aortic surgery and cerebral perfusion techniques.

-   Study population limited to elective procedures of the ascending aorta and proximal arch, excluding aortic dissections and emergency operations.

-   Patient outcomes only followed to 3 months.

-   Study requires surgeons skilled in both cannulation techniques.

INTRODUCTION {#s1}
============

Thoracic aortic aneurysms are associated with substantial morbidity and mortality. Accordingly, aortic surgery is common, with approximately 200 000 surgical cases annually worldwide.[@R1] The natural history of unrepaired aortic aneurysms is poor, with a high incidence of aortic dissection, rupture and death.[@R1]

Surgery involving the ascending aorta and aortic arch is complex, and several techniques have been developed to safely interrupt or modify the circulation to the brain. Despite advances in cannulation, cerebral perfusion and temperature management, neurological injury remains the most dreaded complication of aortic arch surgery.[@R3] Manifestations of such injury may range from fatal or severe/irreversible injury to milder transient ischaemic attack (TIA), or neurocognitive injury.[@R2]

Current practice for proximal aortic arch surgery with regards to neuroprotection strategies include deep hypothermic circulatory arrest (DHCA) alone, retrograde cerebral perfusion with DHCA, antegrade cerebral perfusion (ACP) with DHCA and moderate hypothermic circulatory arrest with ACP.[@R6] In addition to moderate hypothermia, ACP via right axillary artery cannulation has become a preferred approach for cerebral protection during aortic surgery.[@R7] Although ACP via the axillary artery has been shown to improve survival and neurological outcomes after aortic aneurysm repair compared with retrograde cerebral perfusion, there are several associated risks.[@R6] The axillary approach increases the risk of brachial plexus injury, seromas, arm hyper-perfusion and limb ischaemia, and it requires additional surgical dissection, increasing the total operative time required, particularly in patients with obesity or challenging anatomy.[@R10] A novel approach for delivering ACP via cannulation of the innominate artery has recently emerged ([figure 1](#F1){ref-type="fig"}).[@R16] First devised by Banbury and colleagues in 2000, several retrospective studies and case series have shown innominate artery cannulation to be relatively safe with a low rate of surgical mortality and neurological injury.[@R10] A retrospective analysis comparing innominate artery cannulation with axillary artery cannulation showed no significant differences in neurological complications.[@R15] However, data evaluating innominate artery cannulation are confounded by potential selection bias with respect to the complexity of patients chosen for each strategy. Although worldwide many surgeons have adopted the innominate artery cannulation strategy in favour of the axillary artery strategy, there are no randomised trial data to help objectively evaluate safety and efficacy of this technique. Given the grave consequences of inappropriate and/or inadequate cerebral protection, a randomised trial to compare each surgical strategy is needed. We describe herein the protocol for the prospective Aortic Surgery Cerebral Protection Evaluation (ACE) CardioLink-3 randomised trial that has been designed to establish the efficacy and safety of innominate artery cannulation versus axillary artery cannulation for ACP in patients undergoing proximal aortic arch surgery with hypothermic circulatory arrest.

![Surgical technique used in innominate artery cannulation (with permission from Garg *et al*).[@R16] (A) The innominate vein is isolated, retracted and the base of the innominate artery mobilised. Two purse string sutures are placed on the anterior wall of the proximal innominate artery before dilators and the cannula are inserted over a guide wire. (B) Antegrade cerebral protection is initiated by clamping the base of the innominate artery and connecting the afferent limb of the cardiopulmonary bypass circuit to the 14 or 16 Fr cannula. (C) After the distal anastamosis is completed, antegrade cerebral protection is discontinued, and the aortic line is connected to the 8 mm side limb. The graft is clamped distally and full cardiopulmonary bypass is resumed. Proximal reconstruction is performed.](bmjopen-2016-014491f01){#F1}

Study Purpose {#s1a}
-------------

The purpose of this trial is to compare innominate artery cannulation to axillary artery cannulation as a means of cerebral protection during moderate hypothermic circulatory arrest in subjects undergoing surgery for aneurysms of the ascending aorta and proximal arch. The primary safety objective of this study is to determine whether the innominate artery cannulation technique is non-inferior to the axillary artery cannulation technique for establishing ACP with regards to brain morphological injury on diffusion-weighted magnetic resonance imaging (DW-MRI). The primary efficacy objective is to determine if the innominate artery technique is superior to the axillary artery technique with respect to surgical operative time.

The secondary objectives are to determine whether innominate artery cannulation for ACP is non-inferior to axillary artery cannulation with regards to postoperative 30 day mortality, and clinical and biomarker evidence of neurological injury and cognitive dysfunction.

METHODS {#s2}
=======

Study Design Summary {#s2a}
--------------------

This is a multi-centre, two-arm randomised controlled, non-inferiority trial comparing a novel strategy for establishing ACP via innominate artery cannulation versus traditional axillary artery cannulation in patients 18 years and older undergoing elective repair of the ascending aorta and proximal arch requiring moderate hypothermic circulatory arrest and an open distal anastomosis. Patients undergoing surgery for aortic dissection, emergent or urgent operations, and total arch repair will be excluded. Furthermore, patients who cannot undergo MRI, or are using an investigational drug/device at the time of enrolment, or are a part of another clinical trial will also be excluded. Patients will be eligible for randomisation regardless of the proximal extent of the aortic repair (ie, root replacement vs. valve repair/replacement vs. supracoronary aortic repair). The patient will only remain in the study if the surgeon confirms the technical acceptability of either technique, as to allow for safe randomisation. Patients will then be randomly allocated 1:1 to undergo either the innominate or axillary cannulation strategy ([figure 2](#F2){ref-type="fig"}). All participating centres are academic hospitals within Canada who have expertise in cardiac and aortic surgery (see online supplementary [appendix 1](#SP1){ref-type="supplementary-material"}). The trial has been registered at ClinicalTrials.gov (Identifier: NCT02554032).
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![Study schematic of the ACE CardioLink-3 randomised trial.](bmjopen-2016-014491f02){#F2}

Randomisation {#s2b}
-------------

Patients will be randomised in a 1:1 ratio, stratified by surgical centre, on the day of the scheduled ascending aorta operation to either the innominate artery cannulation strategy or the axillary artery cannulation strategy for establishing ACP during hypothermic circulatory arrest. The randomised assignments will be generated on a computer by a study statistician and will employ random permuted blocks of varying sizes. Randomisation will be centralised, web-based and generated by the Applied Health Research Center at the Li Ka Shing Knowledge Institute of St. Michael's Hospital.

Surgical strategy {#s2c}
-----------------

The surgical strategy will be standardised among the enrolling aortic surgeons/centres.

### Innominate artery cannulation {#s2c1}

After median sternotomy and systemic heparinisation, the distal aneurysmal ascending aorta will be cannulated using a standard 7 or 8 mm arterial cannula. Standard central venous cannulation is employed and cardioplegia management is left at the discretion of the individual surgeons; cardiopulmonary bypass (CPB) and systemic cooling will be initiated. During the cooling phase, the ascending aorta and proximal arch will be mobilised, the innominate vein will be isolated and gently dissected, and the base of the innominate artery will be exposed. Two purse string sutures of 4-0 polypropylene will be placed on the anterior wall of the proximal innominate artery. Once the nasopharyngeal temperature is approximately 26°C, the innominate artery will be cannulated with a 0.035-inch J wire and sequentially dilated using 8/10F and 12/14F dilators. A 14F or 16F cannula with side perforations for gentle dispersion of the perfusate will then be inserted over a guide wire. The period of circulatory arrest with ACP will be initiated by clamping the base of the innominate artery and connecting the afferent limb of the CPB circuit to the cannula using a 3/8 to 1/4 connector. Moderately cold blood (24°C--26°C) will be delivered at a flow rate of 10--12 mL/kg/min to achieve a right brachial pressure of 50--70 mm Hg. The distal anastamosis will be performed as either a bevelled hemiarch or an end-to-end anastamosis using a woven polyester graft with an 8 mm side limb. Once the distal anastamosis is complete, the aortic line will be connected to the side limb of the graft, air will be flushed from the graft, the graft clamped and full CPB will be resumed. At that time, ACP will be discontinued. Following 5 min at 26°C, rewarming will resume and the proximal reconstruction will be completed.[@R16]

### Axillary artery cannulation {#s2c2}

Patients randomised to the control group will undergo axillary artery cannulation as routinely performed. The details of this operation have been previously described.[@R15]

Outcomes {#s2d}
--------

### Primary outcome {#s2d1}

The primary safety endpoint of this trial is the proportion of patients with new radiologically significant ischaemic lesions. Two independent neuroradiologists who are blinded to treatment assignment will adjudicate this primary endpoint. New radiologically significant ischaemic lesions will be defined as severe white matter injury or an infarction involving the basal ganglia, thalamus or internal capsule or a large hemispheric infarction present on the postoperative DW-MRI. Each patient will have a preoperative DW-MRI to serve as the baseline study for comparison, to ensure the highest quality data. Severe white matter injury will be defined as six or more punctate lesions, or two or more lesions of 4 mm or larger size.[@R5] We have included the size of the ischaemic lesions as a defining criterion for severity as the volume of ischaemic lesions is a known independent predictor of stroke outcome.[@R23] Furthermore, it has been shown that the number of DW-MRI lesions is only likely to be clinically relevant if the individual lesion is large.[@R5]

The primary efficacy endpoint of this trial is the difference in total operative time between the innominate artery cannulation group and the axillary artery cannulation group.

### Secondary outcomes {#s2d2}

Differences in the following secondary outcomes between both surgical strategies will be assessed:30 day all-cause postoperative mortality.Postoperative stroke or TIA in hospital and at 30 days.Neurocognitive dysfunction at postoperative day 4 and at 3 month follow-up as assessed by the [Mini-Mental State Examination]{.ul} (MMSE) and [Montreal Cognitive Assessment]{.ul} (MOCA) tests. Both the MOCA and MMSE have been validated for cognitive screening in patients with cerebrovascular disease.[@R27]DW-MRI parameters including number of total ischaemic lesions, total ischaemic volume of lesions, single lesion volume, watershed injury, intraparenchymal haemorrhage, cerebral haemorrhage, intraventricular haemorrhage, subdural haemorrhage, subarachnoid haemorrhage and partial cerebral sinovenous thrombosis.Preoperative and postoperative serum levels of circulating biomarkers of neuronal injury (S-100β and neuron-specific enolase, NSE).Postoperative sepsis, delirium, seizure, encephalopathy, atrial fibrillation, postoperative myocardial infarction (MI) and reoperations.Total length of ICU stay, and number of hours of required intubation and ventilation.Seroma, brachial plexus injury, reduced arm mobility and pain, and arm ischaemia.Total CPB time, total cross-clamp time, total systemic circulatory arrest time, total ACP time, total cooling time (minutes), rewarming time, nadir nasopharyngeal temperature (°C), postoperative haemoglobin, perioperative red blood cell (RBC) transfusion, perioperative inotrope or vasopressor use.Cerebral oximetry will be monitored intraoperatively using bilateral non-invasive near-infrared spectroscopy. The following data will be evaluated: baseline O~2~ saturation while awake, total number of desaturations, that is, \<20% of baseline, the total area under the curve of percent saturation over time below 20% of baseline, minimal value reached and the maximum change from baseline values.

Data Collection {#s2e}
---------------

### Preoperative {#s2e1}

The screening visit will occur at the time of the initial appointment where the patient will be seen by the cardiac surgeon for evaluation and consideration of aortic surgery. Patients who are booked for elective ascending aortic surgery with a planned open distal anastamosis and moderate hypothermic circulatory arrest will be assessed for eligibility in the clinical trial. Study co-ordinators will review the study with potential participants and, on agreement to participate, obtain informed written consent.

The following baseline information will then be collected at either this initial visit or at the time of the preoperative anaesthesia clinic visit:

### Clinical information {#s2e2}

Demographics (age, sex), medical history including hypertension, diabetes mellitus, dyslipidaemia, heart failure or left ventricular (LV) dysfunction (latest echocardiography (ECHO) or cardiac catheterisation), New York Heart Association (NYHA) class, previous history of stroke, TIA, or systemic embolism, renal disease, peripheral vascular disease, coronary artery disease, previous coronary angioplasty with or without stent, chronic obstructive pulmonary disease (COPD), smoking history, pulmonary hypertension (from latest ECHO or cardiac catheterisation), congenital aortic disease, previous cardiac surgery, history of atrial fibrillation and EuroSCORE II.

### Physical examination information {#s2e3}

Height (cm), weight (kg) and body surface area.

### Laboratory/tests {#s2e4}

We will obtain baseline haemoglobin (g/L), creatinine (µmol/L), baseline biomarkers of neuronal injury (S-100β and NSE) and a 12-lead ECG.

### Imaging {#s2e5}

DW-MRI will be completed prior to the surgical date.

### Neurocognitive tests {#s2e6}

MMSE and MOCA will be carried out preoperatively.

### Intraoperative {#s2e7}

Intraoperative data collection will include total operative time (from skin incision to closure of the skin), total CPB time, total cross-clamp time, total circulatory arrest time, total ACP time, total cooling time, rewarming duration, nadir nasopharyngeal temperature, mean arterial systolic and diastolic blood pressure, nadir haemoglobin concentration (g/L), intraoperative RBC transfusion (units) and intraoperative inotrope or vasopressor use.

### Postoperative {#s2e8}

Postoperative data will include total ICU stay, total ventilation time, postoperative hospital stay, in-hospital mortality, delirium, reoperations, postoperative MI, inotropic support, seizure, development of renal failure, atrial fibrillation, postoperative stroke, transfusion, sepsis and pulmonary complications. Serum S-100β and NSE levels will be drawn postoperatively at 24--48 hours. At postoperative day 4 (±3 days), the patient will undergo postoperative DW-MRI. On the day of discharge, the patient will undergo testing for stroke/TIA using the Modified Rankin Scale in addition to repeat neurological physical examination. Neurocognitive testing will also be carried out on the day of discharge, and at the surgical follow-up visit conducted at 1 to 3 months postoperatively, using MOCA and MMSE tests.

Study Follow-up {#s2f}
---------------

Subjects will be followed daily during their postoperative course in hospital. A phone call at postoperative day 30 will be conducted to assess for vital status, stroke and TIA. In addition, there will be a follow-up visit in 1 to 3 months postoperatively to reassess neurocognitive status.

Study sample size and power {#s2g}
---------------------------

In this trial, the primary endpoint is the number of patients with new radiologically significant ischaemic brain lesions on DW-MRI, comparing preoperative and postoperative imaging. In accordance with previous literature, we anticipate that about 50% of patients will develop new, radiologically significant ischaemic lesions in the axillary cannulation group (control group).[@R5] Based on a consensus of investigators from surgery, anaesthesia, neuroradiology and critical care, we have determined that an absolute difference of 25% is an acceptable non-inferiority margin. Finally, we have set the power of this trial at 80% (for the 25% margin) and a one-sided Type I error of 5% (non-inferiority comparisons are one sided by definition). Under these assumptions and conditions, a sample size of 100 subjects (50 per group) is required. Finally, we factor in a 10% attrition rate to arrive at a final sample size of 110. This sample size also gives us greater than 80% power to detect a difference of 45 min in total operative time between the axillary artery and innominate artery cannulation strategies.

Data analysis {#s2h}
-------------

The primary safety analysis is a non-inferiority comparison of the proportion of patients acquiring new severe brain lesions. The observed difference will be compared against the non-inferiority margin of 25% using a one-sided z-test. Since the intention-to-treat approach employed in superiority trials biases towards no difference, it is inappropriate in the non-inferiority trial where lack of difference is the goal. Therefore, the primary analysis will be a per-protocol analysis. The difference in proportions and 90% CIs (corresponds more closely to the one-sided test being used) will be reported. Given the non-inferiority design for the primary safety variable, non-inferiority comparisons of this outcome will use a one-sided alpha of 0.025.

Our primary efficacy endpoint, total operative time, will be tested for superiority. Thus, the total operative time will be compared with a two-sided t-test (alpha 0.05), and the mean difference and 95% CI will be reported.

Binary outcomes (30 day mortality, stroke/TIA, neurocognitive dysfunction, delirium, seizures, encephalopathy, adverse events, local complications) will be compared using a *χ* ^2^ test or Fisher's exact test if expected counts are less than 5. For each outcome, the absolute risk difference and 95% CI will be reported. The quantitative DW-MRI parameters will be compared by t-tests and mean differences with 95% CIs will be reported. Whether or not patients experienced none, a single or multiple new lesions will be compared by a *χ* ^2^ test. The mean levels of postoperative biomarkers (S-100β and NSE) will be compared. The adjusted mean difference and 95% CI will be reported for each biomarker. Intraoperative characteristics will be compared with t-tests and mean differences with 95% CIs will be reported.

The p values to be reported will not be corrected for multiple comparisons. We will finalise the statistical analysis plan prior to locking of the database.

DISCUSSION {#s3}
==========

Axillary artery cannulation for achieving ACP with moderate levels of hypothermia is the currently preferred approach for establishing cerebral perfusion during aortic surgery. We describe the first prospective, randomised controlled trial evaluating the safety and efficacy profile of ACP via cannulation of the innominate artery in comparison to axillary artery cannulation.

We selected new radiologically significant ischaemic brain lesions as defined by DW-MRI as our primary safety endpoint. DW-MRI has a sensitivity and specificity of 92% and 97%, respectively, in detecting new ischaemic lesions. Identification of restriction in diffusion of water molecules suggests cerebral ischaemia. Normal tissue appears grey on DW-MRI due to the Brownian motion and diffusion of water molecules. Ischaemic tissue, however, due to the prevention of normal loss of MRI signal by restricted diffusion, appears bright white. These differences are apparent within 5 days of injury.[@R25]

DW-MRI as a modality to assess neurological injury has been validated in the transcatheter aortic valve implantation (TAVI) population, and more recently in aortic surgery studies and trials. These studies have demonstrated that the number of new ischaemic lesions, in addition to the size of these lesions together, is the most prognostically significant measure.[@R23] Recent literature shows that the rate of new ischaemic brain lesions on DW-MRI after aortic surgery ranges from 40% to 60%.[@R5] A recent clinical trial in neonatal aortic arch surgery also employed DW-MRI as a surrogate of neuronal injury comparing ACP to DHCA. This non-inferiority trial used location, number of lesions and size of lesions to characterise severity of injury.[@R5] We used these data to inform our primary endpoint.

By comparing DW-MRI preoperatively and postoperatively, we will be able to effectively quantify new, radiologically significant ischaemic brain lesions. Furthermore, given that DW-MRI is highly sensitive for ischaemic brain lesions, it also has an ability to detect 'silent' brain injury. Silent brain injury has been shown to be a risk factor for delayed neurological decline.[@R25] Retrospective studies evaluating innominate or axillary artery cannulation have primarily assessed clinical endpoints such as stroke or temporary neurological deficits. As such events are relatively rare, it is difficult to assess for true differences in outcomes between treatment modalities with the sample sizes available for aortic surgery. Thus, new, radiologically significant ischaemic brain lesions found on DW-MRI serve as a useful surrogate marker for risk of neurological injury. The high incidence of new ischaemic brain lesions post-aortic surgery allows us to efficiently assess our outcome with a relatively small sample size of 110 subjects.

In addition to imaging, this trial aims to assess neurological injury by comparing preoperative and postoperative levels of circulating biomarkers of neuronal injury, specifically NSE and S-100β. There is extensive literature that shows that proteins that are synthesised by astroglial cells or neurons, and that cross the blood--brain barrier, can be correlated in peripheral blood with brain injury.[@R34] S-100β is a small dimeric cytosolic protein that exists in multiple forms, with the beta form noted to be highly specific for the central nervous system.[@R34] NSE is a dimer found in neurons and belongs to a group of hydrolytic enzymes. It is also present in erythrocytes, platelets, plasmatic cells and lymphocytes, which is why it is present in peripheral blood at very low physiologic concentrations.[@R34]

Given that these biomarkers are present at levels from nil to very low physiologic concentrations at baseline, and S-100β especially is very sensitive for detection of intracranial pathology, elevations in these markers postoperatively will suggest neuronal injury secondary to the procedure. Collecting preoperative and postoperative samples will allow us to correlate serum levels with neuronal injury secondary to the aortic surgery specifically.

Furthermore, we will use two neurocognitive tests to detect neurocognitive decline postoperatively and will assess for differences between both cannulation strategies. Studies evaluating neuronal injury post-aortic surgery or TAVI have shown that neuronal injury does not always manifest overtly as stroke, but rather can present more subtly as neurocognitive decline. These features are often most prominent in those that have pre-existing neurological disease or vascular dementia.[@R38] As a part of our neurocognitive testing, we have chosen to use both the MMSE and MOCA. These are commonly used cognitive screening tools in clinical practice. The MMSE is designed to assess language and memory while the MOCA is designed to detect mild to moderate cognitive impairment. It has been found to have high sensitivity and specificity for detecting mild cognitive impairment. Although more sophisticated neurocognitive testing does exist, due to time constraints of performing such testing, and the lack of generalisability with such tests, the MOCA and MMSE were chosen for ease of administration and reproducibility of results. Furthermore, MOCA and MMSE have been employed in a number of cardiac surgery studies evaluating neurocognitive decline.[@R27]

It is important to recognise that there are important limitations of this trial. We have limited this randomised controlled trial to elective procedures on the ascending aorta and proximal arch. Patients planned for total arch replacement are excluded. Secondarily, we are not studying patients undergoing aortic dissection or urgent/emergent operations. Emergency operations such as for aortic dissection would introduce many confounding variables and significantly impact the ability to accurately assess the safety and efficacy of innominate artery cannulation in comparison to axillary artery cannulation. In addition, our follow-up period ends at 1 to 3 months postoperatively; therefore, the long-term outcomes of the different antegrade cerebral perfusion strategies will not be assessed. However, the catastrophic consequences of inadequate cerebral perfusion are usually apparent soon after surgery. Furthermore, our trial assumes competency of the operating aortic surgeon for establishing both cerebral protection strategies. Poor outcomes that may be linked to techniques by surgeons less familiar with either the innominate or axillary artery cannulation technique will not be known since only surgeons who routinely practice aortic surgery are participating in this study.

ETHICS AND DISSEMINATION {#s4}
========================

The protocol and consent form was initially approved at the lead site (St. Michael's Hospital Research Ethics Board; protocol 15-071) and subsequently by all other participating local research ethics boards (see online supplementary [appendix 2](#SP2){ref-type="supplementary-material"}). This study is being carried out in accordance with the current International Conference on Harmonisation Guideline for Good Clinical Practice, Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans and applicable local laws and regulations. Protocol modifications will be communicated to each participating site and their respective research ethics committees. In addition, protocol amendments will be uploaded to ClinicalTrials.gov. As much data as possible will be contained in the published manuscript (and accompanying supplementary material), which is anticipated to occur in 2018 or 2019. There are no plans to provide public access to the participant-level database. All principal investigators will have access to the final cleaned data set. Site principal investigators will have access to their own site's data. All data sets will be password protected and any data to be disseminated will be de-identified.
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Patient Safety {#s4a}
--------------

All subject-related information including case report forms, evaluation forms, reports etc. will be kept strictly confidential. All records will be kept in a secure, locked location and only research staff will have access to the records. Subjects will be identified only by means of a coded number specific to each subject. All computerised databases will identify subjects by numeric codes only and will be password protected.

An independent Data Safety and Monitoring Board (DSMB) composed of experts in cardiac surgery and perioperative care will be assembled to ensure patient safety, receive safety reports, provide feedback to the trial steering committee and ensure the study follows the highest ethical standards. The DSMB will be provided data on safety after enrolment of 1/3 and 2/3 of patients. The safety data will include all adverse events listed as primary and secondary outcomes. The DSMB will consider clinical and statistical significance, consistency of data over time, consistency of the direction of risk and benefit--risk ratios if there is consideration for recommendation for early trial discontinuation. In addition to receiving regular safety data reports, the DSMB will have the ability to request additional safety analyses or additional interim analyses and make any further recommendations to the steering committee about the safe conduct of the trial after considering all the available data and any new external data from relevant studies.

CONCLUSION {#s5}
==========

This randomised controlled trial (see online supplementary appendix 3) is essential to definitively determine adequate brain protection strategies for patients undergoing aortic surgery on the ascending aorta and proximal arch with the use of moderate hypothermia and unilateral antegrade cerebral perfusion. Innominate artery cannulation is rapidly gaining interest as an alternative to axillary artery cannulation; however, there are no high-quality prospective data to inform whether or not the two strategies are similar with respect to cerebral protection. Innominate artery cannulation has the potential to decrease surgical times and reduce complications associated with an axillary approach such as brachial plexus injury, seroma formation and limb ischaemia. Decreased surgical times could lead to significant cost savings. The ACE CardioLink-3 trial will be the first randomised controlled trial designed to prospectively assess and compare the safety and efficacy of the innominate artery cannulation technique with the current standard of practice, axillary artery cannulation, for establishing ACP for patients having proximal aortic surgery. These data should aid surgeons in informed surgical decision making when considering cannulation techniques for aortic surgery.
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